Protein having multiple ant igen/epitope sequences 

and being immobilized 

\. 

Field of the invention 

The invention relates to a protein having multiple 
ant igen/epitope sequences and being immobilized, to 
a polynucleotide coding for such a protein, to an 
expression vector including such polynucleotide, to 
a cell transformed by means of such an expression 
vector, and to applications of such a protein for 
producing an immobilizate and for performing a HIV 
test. 



Background of the invention 

Immobilizates comprising a solid phase and one or 
more proteins bound to the solid phase are well 
known by practical experiences. Such immobilizates 
are used, on one hand, for the detection of sub- 
stances of a liquid analyzate specifically binding 
to the protein, and on the other hand for the sepa- 
ration of such substances from a liquid. Therein 
the protein comprises an epitope being specific for 
the substance to be detected or to be separated, 
and this epitope normally binds to the solid phase 
by a spacer composition per se not binding to the 
substance. The spacer composition secures, among 
other effects, that the protein folds in the area 
of the epitope in a way corresponding to the fold- 
ing of a native epitope. This, i.e. the desired ex- 
posure of the epitope, is the condition for that a 
binding of the substance is at all possible. In 
particular, the formation of undesired disulfide 
bridges is prevented. 



In some fields of medicine, it is desirable that 
various epitopes are immobilized at the same time 
at the solid phase. This is desirable, for in- 
stance, in the case of HIV tests, since only an ac- 
cumulation of epitopes being specific for antibod- 
ies for various HIV1 and HIV2 viruses and sub-types 
will secure a reliable decision on the basis of the 
test result about whether or not the tested sample 
contains HIV antibodies, i.e. whether or not a per- 
son is HIV positive. 

In principle, the respective proteins, for instance 
antigens against various HIV antibodies, could be 
immobilized each for its own at the solid phase. 
This presents however various problems. The first 
problem is that a uniform distribution of the pro- 
teins, in particular with regard to concentrations, 
and thus a sufficiently uniform sensitivity for the 
various antibodies cannot be secured. For various 
proteins may lead to ousting reactions at the solid 
phase, with the consequence of substantially dis- 
turbing concentration differences at the solid 
phase, even with equimolar addition. Further, with 
a higher multitude of different proteins, interac- 
tions of the various proteins during immobilization 
cannot be excluded. All this will disturb, however, 
if a universal test, for instance for HIV, is to be 
established. The above will apply in a correspond- 
ing manner, of course, to all diseases causing, de- 
pending from the classes and sub-types of the in- 
fecting organism, immunologically distinguishable 
antibodies in a body. It is understood that differ- 
ent antibodies against a specific sub-type may also 
be f o rmed . 

In conjunction with HIV, the following is to be 
noted. The acquired immunodeficiency syndrome 
(AIDS) is caused by the HIV. The two causative 
types HIV-1 and HIV-2 detected up to now have a 
very similar genome structure and infect T cells 
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using a very similar mechanism. They immunologi- 
cally differ, however, by that antibodies against 
HIV-1 do not usually present a cross reaction with 
HIV-2, and vice versa. For HIV-1, further, a series 
of sub-types are distinguished, with the group M 
comprising several sub-types (A, B, C, D, E, F and 
G) , and the sub-type 0 being classified in an own 
group (0). Even between the antibodies against dif- 
ferent sub-types there are immunological differ- 
ences. It is difficult, therefore, to reliably de- 
tect in a single test system all sub-types or anti- 
bodies thereagains t . This particularly applies to 
rapid tests having to be performed without too 
large experimental expenses. In a rapid test, a re- 
liable result should be obtainable with a single 
application for instance of a blood sample. In par- 
ticular in conjunction with HIV, incorrect negative 
and incorrect positive results must virtually be 
impos s ible . 



State of the art 

Exemplary for the application of one or more anti- 
gens in a mixture against various HIV antibodies is 
the document US-A-5,830,641. v 

Rapid tests known up to now usually operate, how- 
ever, with one single antigen, namely gp41, and are 
not capable, therefore, to detect all HIV sub-types 
reliably and at high sensitivity. There is thus a 
substantial risk of incorrect negative results. 
Further, they are not t emp e r a t u r e - s t ab 1 e over 
longer periods of time, not suitable for permanent 
documentation, do not secure a simple and safe dis- 
posal, and present an incorrect positive result in 
case of over-development. 

Fusion proteins having more than one epitope for 
HIV antibodies are per se known in the art, for in- 
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stance from the documents U S - A- 5 , 8 0 0 , 8 2 2 and US-A- 
5,310,876. These are proteins used in a solution 1 
for laboratory tests. Such laboratory test systems 
are not suitable, however, for rapid tests, due to 
the complicated handling and the high risk of in- 
correct results during execution caused by not 
properly educated persons. 

From the document U S - A- 4 , 9 2 5 , 7 8 4 is known a fusion 
protein gag/env which may also be immobilized.' 
Bridge compositions with binding sites for a bind- 
ing with a solid phase between gag and env cannot 
be taken out. The fusion protein binds at one side 
over a bridge to a solid phase. 

From the document DE 197 20 914 Al are known in the 
art various antigens against antibodies of differ- 
ent sub-types. The antigens may bind to a solid 
phase. Different antigens are used as a mixture. As 
far as antigens with multiple epitopes are con- 
cerned, they are haptens, i.e. proteins with multi- 
ple sequences of a single epitope type. 

The document U S - A- 5 , 2 4 1 , 0 4 7 describes peptides re- 
acting with serums of HIV-positive human guinea 
pigs. Various epitopes are coupled immediately side 
by side and may bind by a spacer sequence at the C 
or N-terminal end to a solid phase. By means of a 
spacer sequence, spacing of a signal sequence from 
a carrier material is achieved. One end of the 
spacer , sequence binds to the carrier material, and 
the other end to an end of the signal sequence. To 
each spacer sequence is coupled one signal sequence 
only. 



Technical object of the invention 

The invention is based on the object to specify an 
immobilizable protein, which can be used for a 
rapid test of the presence of antibodies in a pa- 
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tient's sample and reliably permits in such a rapid 
test a detection of many to all groups and sub- 
types of a causative agent or of antibodies there- 
aga ins t . 



Principles of the invention 

As a solution for this technical object, the inven- 
tion teaches a protein having multiple antigen/ 
epitope sequences for antibodies, the protein being 
immobilized at a solid phase by at least one bind- 
ing site, and the a n t i g e n / e p i t o pe sequences being 
jM* spaced by bridge compositions in such a way that 

;K after binding of the binding site at the solid 

H; phase the antigen/epitope sequences are exposed for 

Jr! a binding of the assigned antibodies from the 1 i q - 

Sj uid phase. 

p The invention is based on a combination of find- 

's^ ings . A first finding is that the disadvantages of 

Lj the application of a mixture of antigens can be 

avoided by that the antigen/epitopes are combined 
jTj in a single protein. Then an immobilization can 

IS ^ 

easily take place, without different affinities to 
the solid phase and/or interactions of different 
antigens between each other leading to disturbing 
displacements of the distributions. Then the inven- 
tion is based on the further finding that it will 
not be sufficient to just line-up different epi- 
topes and to then bind the product at one end (or 
both ends) to the solid phase. Rather, it has to be 
achieved that the epitopes are exposed in a desired 
manner after the immobilization, i.e. form a secon- 
dary and maybe a tertiary structure securing a 
binding of the assigned antibodies and further per- 
mitting a sterical accessibility. Finally, it has 
been found that this can be achieved by establish- 
ing bridge compositions between the epitopes caus- 
ing on one hand the binding to the solid phase and 



providing on the other hand the desired exposure. 
The concept is thus basically the generation of a 
single protein with several spaced epitopes in turn 
being separated by interposition of bridge composi- 
tions. Further, by adequate selection of the bridge 
compositions, in particular the structures of the 
parts of the respective bridge compositions extend- 
ing on either side of an epitope up to the both- 
sides binding sites at the solid phase, the epi- 
topes can be folded in a defined way, such that the 
exposure is reliably secured and also fixed. Fi- 
nally, it is inherent to the concept of the inven- 
tion that disturbing interactions of different epi- 
topes of a protein are virtually excluded. 

Suitable bridge compositions can easily be calcu- 
lated, based on the epitope structures or sequences 
flanking such connections, by using the principles 
of molecular modeling. Additionally or alterna- 
tively, the average man skilled in the art can ex- 
perimentally test various bridge compositions for 
suitability, by that the binding capability of an- 
tibodies to the epitopes flanking the bridge compo- 
sitions are tested by conventional methods. 

It is understood that a protein according to the 
invention must have ends. One end may be the end of 
an epitope being neither directly nor indirectly 
bound to the solid phase. One end may further be an 
end of a bridge composition, the end of the bridge 
composition being the binding site or, referred to 
the connected epitope, may be placed beyond the 
binding site. One end may finally also be formed by 
a tag, in particular an affinity tag. 

In principle, there are various possibilities to 
create a protein according to the invention. For 
instance, a bridge composition may be formed by in- 
sertion of bridge sequences between two antigen/ 
epitope sequences and/or deletion of a partial se- 



quence between two ant igen/epitope sequences ar- 
ranged in a total sequence. The bridge composition 
may also be formed by fusion of a bridge sequence 
with two antigen/epitope sequences. 

Bridge compositions may be various molecules. Basi- 
cally, any organic substances, typically chain type 
connections, may be used. Examples are oligomers on 
the basis of identical or different monomers of the 
polymeric chemistry. It is preferred to form the 
bridge composition by amino acids. The bridge com- 
position must comprise a binding site for the solid 
phase. Usually, a positively charged binding site 
for the binding to a negatively charged solid 
phase, preferably a membrane, is provided. 

Basically, the antigen/epitope sequences may be 
identical within a protein. It is particularly pre- 
ferred, however, if the antigen/epitope sequences 
bind different antibodies. In an ideal manner, such 
different antigen/epitope sequences in a protein 
according to the invention or in a few proteins ac- 
cording to the invention are combined with each 
other, so that antibodies of the most usual (better 
all) sub-types of a species of causative agents are 
detected. The antigen/epitope sequences may for in- 
stance be repetitive sequence elements of identical 
or different HIV sub-types. It is preferred, how- 
ever, if the antigen/epitope sequences are se- 
quences of different HIV genes and/or strains 
and/or sub-types. 

In principle, the bridge composition may be formed 
of any sequence, the bridge composition being for 
instance a sequence element of gpl20. It is pre- 
ferred if partial sequences unspecif ically binding 
to antibodies contained in blood are deleted. This 
applies with regard to the bridge composition as 
well as to the antigen/epitope sequences. 
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The invention further relates to the application of 
proteins according to the invention for producing 
an immob i 1 i z a t e for the detection of antibodies, 
wherein first the protein is produced in a dis- 
solved manner, then the protein being bound by at 
least one binding site to a solid phase, and as an 
option the solid phase with the protein bound 
thereto being subjected to at least one rinsing 
step and/or blocking step, and to the application 
of a protein according to the invention for per- 
forming a HIV test, an immobilizate according to 
the invention being produced and said immobilizate 
being placed in a housing, and a detector solution 
being brought-in in a reaction zone of the immobi- 
lizate or being separately added for application to 
the immobilizate. 

The invention further relates to a polynucleotide, 
in particular cDNA, coding for a protein according 
to the invention, an expression vector, preferably 
plasmide, containing a polynucleotide sequence cod- 
ing for a protein according to the invention, and a 
cell being transformed by means of an expression 
vector according to the invention. 

Finally, the invention relates to a method for the 
production of a protein according to the invention, 
the ant igen/epitope sequences and the bridge se- 
quences being selected and the order of the lining- 
up being defined, wherein DNA coding for the anti- 
gen/epitope sequences and the bridge sequences is 
subsequently inserted into an expression vector in 
the defined manner and under application of a suit- 
able promoter, a cell, preferably E. coli, being 
transformed by means of the expression vector and 
transformed cells being selected and cultivated, 
and wherein the protein expressed from the selected 
cells is isolated. 



A HIV test according to the invention basically has 
the following structure. In a "flow through" ver- 
sion, a porous material, in most cases a membrane, 
is in a device, for instance a plastic housing hav- 
ing , an access opening to the membrane. At surfaces 
of the membrane being accessible to liquids, at 
least one protein type according to the invention 
is immobilized. Through the access opening, a sam- 
ple to be tested, for instance blood, serum or 
plasma, is applied on the membrane. Among other 
reasons, because of the capillary forces the sample 
will enter into the membrane or will pass through 
it. This can further be supported, for instance, by 
placing an absorbent material under the membrane. 
The sample or antibodies contained therein, respec- 
tively, react with the protein. By applying a con- 
ventional detector solution, for instance colored 
particles such as colloidal gold particles, a vis- 
ual proof for the binding of antibodies to the pro- 
tein is achieved. Alternatively to the "flow 
through" technology, a "lateral flow" method can be 
used. Therein a membrane is used, too, being how- 
ever separated in a lateral direction into an ap- 
plication zone and a reaction zone. Caused by the 
capillary effect, the sample applied in the appli- 
cation zone will pass into the reaction zone where 
at least one protein type according to the inven- 
tion is immobilized. In the application zone, there 
will be no proteins according to the invention im- 
mobilized, it is however possible to immobilize 
other substances, e.g. proteins, not binding the 
antibodies to be detected, however binding sub- 
stances not desired in the sample and thus separat- 
ing them. Thereby the reliability of the antibody 
detection is substantially improved, since unde- 
sired interactions because of other blood compo- 
nents can be excluded. The reaction zone may al- 
ready contain a detector substance, however it may 
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also possible that in the detector zone separately 
an application of detector solution is made. 

The production of a total sequence of antigen/ epi- 
tope sequences and interposed bridge compositions 
being charged, for instance positively charged, has 
further special preparative advantages. If such a 
protein is produced gene-technologically by expres- 
sion in a cell, first a purification of the protein 
from a cell extract is useful. The charges of the 
bridge compositions permit now a particularly ef- 
fective and simple purification to very high purity 
levels in an ion exchange chromatography, since the 
fg isoelectrical point is extremely high. By such pu- 

M rification of a protein produced by gene technology 

\g according to the invention before the immobiliza- 

W tion method step, thus a particularly pure immobi- 

tl lizate with regard to bound protein is obtained. 

* This increases the reliability of a test system to 

j*jf a substantial degree. 



Definitions 

The term HIV test designates a detection method for 
HIV antibodies in body components, in particular 
body liquids. Body liquids are for instance blood, 
serum, plasma, saliva, urine or liquor. 

The term protein comprises, in the framework of the 
invention, compositions containing natural or non- 
natural amino acid sequences. A protein may be syn- 
thesized or at any case isolated with regard to the 
amino acid sequences. Insofar the term protein also 
comprises peptides. A protein needs not necessarily 
be formed of amino acids only. In particular the 
bridge composition may be structured differently 
than of amino acids. 

As an antibody is designated a substance formed by 
an immune reaction in an organism in a natural man- 
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ner after an infection, such substance being capa- 
ble to specifically bind to the causative agent of 
the infection or components thereof. 

As an antigen is designated a substance being capa- 
ble to specifically bind to an antibody. Antigens 
and antibodies are assigned to each other on the 
basis of the antibody or antibodies to be detected. 

An ant igen/epi tope sequence is an amino acid se- 
quence, formed of natural and/or non-natural amino 
acids on one hand being chemically bindable to an 
assigned antibody, and on the other hand having 
such a secondary and/or tertiary structure that the 
purely chemical binding is also possible in a 
sterical manner, i.e. to the "key/lock principle". 

The term immobilization designates the binding of a 
substance from the liquid phase to a solid phase 
surface. The term binding comprises the chemisorp- 
tion, the ionic binding, the covalent binding and 
intermediate types of such bindings. 

A bridge composition typically is an oligomer com- 
position, with the kind of monomers, the order or 
sequence and the spatial orientation thereof in- 
cluding any internal or external linkage being de- 
fined. In particular are defined the positions of 
the ends of the bridge composition with respect to 
each other. It might happen that the antigen/epi- 
tope sequence respectively connected or to be con- 
nected and the opposing bridge composition are to 
be considered, if the number of the degrees of 
freedom of the bridge composition does not easily 
permit a sufficiently clear definition of the spa- 
tial position of the ends. A bridge composition is 
not necessarily an artificial sequence or a se- 
quence artificially inserted between two antigen/ 
epitope sequences. It may also be a native sequence 
between two naturally spaced antigen/epit ope se- 
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quences, wherein one or more amino acids may also 
be exchanged . 

A binding site is, in the terminology of the patent 
claims, a reactive group of the bridge composition, 
by means of which an immobilization at the solid 
phase can be achieved. 

Exposure of an an t i g e n / ep i t o pe sequence is the set- 
ting of the secondary and/or tertiary structure of 
the sequence such that a binding to the destination 
antibody can be performed. In particular this means 
the folding in the area of the a n t i gen / ep i t op e se- 
quence. Folding may also take place with the inte- 
gration of generating disulfide bridges. The fold- 
ing will usually lead to the generation of a spe- 
cific loop. An incorrect folding will lead to an 
incorrect loop. An incorrect folding may take 
place, if the ends of an ant igen/epitope sequence 
are stabilized relative to each other in a not 
suitable manner. 

With the feature of the bridge composition it is 
basically achieved that the parts of two bridge 
compositions being arranged between two adjacent 
binding sites will stabilize the ends of the inter- 
posed ant igen/epitope sequence such that the de- 
sired folding is obtained. It is essential, herein, 
that the two binding sites are geometrical fixed 
points, due to the binding to the solid phase. Of 
course, non-functional sequences may be interposed 
between the end of a bridge composition and the an- 
tigen / ep i t op e sequence connected thereto, as long 
as this will not affect the conditions described 
above . 

A bridge sequence is a bridge composition being 
formed of multiple natural and/or non-natural amino 
acids . 
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The terra of the different antibodies means antibod- 
ies of different type or of different structure. 
Corresponding considerations apply to genes, 
strains, sub -types and the like. 

The term specificity designates the capability of a 
substance to detect out of a number of interaction 
possibilities or reaction possibilities provided a 
certain one or a group of certain ones. An antigen 
being specific for a certain antibody or a certain 
binding site of an antibody will have no reaction 
with other antibodies not having this binding site 
and being present in a sample, possibly after sepa- 
ration of the substances disturbing this binding 
site. In contrast thereto, antigens or sequences 
binding a multitude of different antibodies in a 
sample are not specific. 

The term detection designates the generation of an 
arbitrary detector signal, observable directly by 
means of the human senses or indirectly by means of 
physical /chemical measuring methods, said detector 
signal having its cause in an ant ibody /ant igen 
binding event. In the -simplest case, it is a color 
reaction. Detection methods for an t ib ody / ant i g e n 
binding events are known in various ways to the man 
skilled in the art and need not be explained here 
in more detail. 

A detector solution comprises one or more sub- 
stances being capable to generate a detector signal 
upon an a n t i bo dy / a n t i g e n binding event. 

The term solid phase designates a solid body with a 
surface capable to bind binding sites. 

A rinsing step comprises rinsing of a generated im- 
mobilizate, i.e. a solid phase with a protein bound 
thereto, with a solution removing weakly bound pro- 
teins and/or other substances from the surface of 
the solid phase. 
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A blocking step comprises rinsing of an immobili- 
zate with a solution comprising one or more sub- 
stances, saturating those zones of the surface of 
the solid phase not gone in binding condition with 
the protein, i.e. blocking them for the binding of 
other substances directly at the surface of the 
solid phase . 



Embodiments of the invention 

In the following, not limiting examples only of em- 
bodiments of the invention are described in more 
de t a i 1 • 

Without further elaboration, it is believed that one skilled in the art can, using the 
preceding description, utilize the present invention to its fullest extent. The following preferred 
specific embodiments are, therefore, to be construed as merely illustrative, and not limitative of 
the remainder of the disclosure in any way whatsoever. 

In the foregoing and in the following examples, all temperatures are set forth uncorrected 
in degrees Celsius and, all parts and percentages are by weight, unless otherwise indicated. 
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Example 1 . 

In the following, examples for artificial bridge 
compositions are given which can be used for a pro- 
tein according to the invention for the detection 
of HIV antibodies. 

The bridge composition 1 may comprise the following 
sequence : 

GKR — K-RK-KR — RRG 

with representing one or more of any amino ac- 

ids. An example for such a bridge composition is: 

GKRAHKS RKHN YKRH I RRG 

The bridge composition 2 may comprise the following 
s equence : 

G-KK-RR-KGK-RR-KK-G 

with " - " representing one or more of any amino ac- 
ids. An example for such a bridge composition is: 

G S KKARR I KGKMRRLKKVG 

The bridge composition 3 may comprise the following 
sequence: 

G-C-K-R-KRKXKRK-K — C-G 
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with representing one or more of any amino ac- 

ids, and "X" representing D or E. An example for 
such a bridge composition is: 

GVC I KHR YKRKDKRKHKVAC I G 

The letters in the sequence information above and 
below are based on the single letter code. 



Example 2 . 

In the following, a native bridge composition is 
stated which is suitable for a protein according to 
the invention for the detection of HIV antibodies. 

GVA — K-KRR REKRAVG 

with 11 - " representing an arbitrary amino acid. This 
bridge composition comes from the HVI-1 envelope 
gene . 



E x amp le 3 . 

In the following, proteins according to the inven- 
tion under application of bridge compositions, e.g. 
from examples 1 and/or 2, are described in more de- 
tail. Table 1 supplies possibilities of the dele- 
tion and/or insertion of bridge compositions in se- 
quences with a n t i gen / e p i t op e s . Suitable sequences 
ID I to ID VI with an t i g e n / ep i t op e s are shown in 
Figure la-f , these being complete sequences of HIV 
proteins (for the purpose of the present invention, 
it is however not necessary to use complete se- 
quences ) . 

Table 1 is to be read in such a way that in the 
leftmost and the leftmost but one column a starting 
protein, ID I to ID VI, being suitable for the gen- 
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eration of a protein according to the invention is 
shown. The further columns indicate whether and 
where deletions and/ or insertions with bridge com- 
positions, for instance according to t a b 1 e 2 , can 
be inserted into the starting protein in order to 
obtain a protein according to the invention. In ta- 
ble 2 are: ID 2 to 3 artificial bridge composi- 
tions,, ID 4 a natural bridge composition (from the 
transition gpl20/gp41 in env), ID 5 to 8 HIV-1 0- 
sequences, ID 9 to 12 Gnann region from HIV-2 and 
ID 13 to 36 V3 loop sequences from HIV-1 (consensus 
sequences of the respective sub-types and sequences 
similar thereto, also from sub-type 0). 

A protein according to the invention can for in- 
stance be obtained, if in pol 2 having 2 8 9 amino 
acids at position 31 either the bridge composition 
1 or the bridge composition 2 from table 2 are in- 
serted, not however bridge composition 3. As a re- 
sult, the unlimited combination possibilities 
stated in table 1 are obtained. 

From the graphic overviews of figures la-f , dele- 
tions and possible insertion positions of table 2 
can also be taken. In the sequences, the symbol 
" + 1/2/3 + " corresponds to the insertion of the 
bridge composition 1, 2 or 3. " + 1 / 2 + " also stands 
for an insertion of one of the bridge compositions 
1 or 2 . 

Examp 1 e 4 . 

In Fig. 2 are shown the sequences Seq. ID A to E, 
with A to D being proteins according to the inven- 
tion, E however a protein not according to the in- 
vention. In the sequences A to D modifications are 
performed such that between the ant igen/epi tope se- 
quences suitable bridge compositions will be 
formed. In contrast thereto, in E will not take 
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place a sufficient presentation of ant igen/epi tope 
sequences. In Fig. 3a/b, the structures of the pro- 
teins C to E are shown, and reference is made to 
the following examples. 



Example 5 . 

In this example, the production of a protein ac- 
cording to the invention is described, namely of 
p31 A100/40, 140/23, 163/14 031/2,100/3 

with the meaning: 

AX/Y (e.g. A100/76) : behind the amino acid at posi- 
tion 100, 76 amino acids are deleted, and 

QX/Y (e.g. Q30/2): behind the amino acid at posi- 
tion 30, bridge composition 2 is inserted. 



Partial step 1 

The fragment 1 is obtained by the PCR technology. 
As primers for the amplification are used the oli- 
gonucleotides 

5 ' -ATATGGCAT ATGT TT T T AGATGGAATAGATAAGG CCC- 3 ' 

and 

5' -TATAGGGCCCAGGTGGCAGGTTAAAA- 3 ' 

as a template the HIV-pol gene is used. The PCR 
reaction is performed to a conventional protocol. 
The desired PCR product (approx. 110 bp) is 
isolated and subjected to a restriction with Apal 
and Nde I . 

Fragment 1 (epitope 1, PCR) 
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Ndel 

atatggCMATGTTTTTAGATGGAATAGATAAGGCCC 

TTTTTAGATGGAATAGATAAGGCCCAAGATGAACATGAGAAATATCACAGTAATTGGAGA 

MFLDGIDKAQDEHEKYHSNWR 
AAAAATCTACCTTATCTATTCCGGGTTCTACTTGTACTCTTTATAGTGTCATTAACCTCT 

GCAATGGCTAGTGATTTTAACCTGCCACCT 

AMASDFNLPP 

CGTTACCGATCACTAAAATTGGACGGTGGA 

AAAATTGGACGGTGGA CCCGGG atat 

Apal 



Partial step 2 

Two oligonucleotides 

5 ' -CAAAAAGGCCCGTCGCATCAAGGGCAAAATGCGACGGGTGAAGAAAG-3 ' 
and 

5 ' -CCGGCTTTCTTCACCCGTCGCATTTTGCCCTTGATGCGACGGGCCTTTTTGGGCC-3 ' 

are denaturated for a short time at 100 °C, 
hybridized with each other at a linearly dropping 
temperature gradient, and the double-strand product 
is then isolated. 

Fragment 2 (bridge composition 2, synthetic) 



Apal 

CAAAAAGGCCCGTCGCATCAAGGGCAAAATGCGACGGGTGAAGAAAG 
G PKKARRI KGECMRRVKKAG 
CCGGGTTTTTCCGGGCAGCGTAGTTCCCGTTTTACGCTGCCCACTTCTTTCGGCC 

NgoMIV 



Partial step 3 

The fragment 3 is obtained by PCR technology. As 
primers for the amplification are used the oligonu- 
cleotides 

5' - TAATTTGCCGGCGTAGTAGCAAAAGAAATAGTAG-3' 

and 

5 ' - TATAGCATGCTCCATATGCTGTTTCCTGCCCTGT-3 ' 

as a template the HIV-pol gene is used. The PCR 
reaction is performed to a conventional protocol. 
The desired PCR product (233 bp) is subjected to a 
restriction with NgoMIV and SphI and is then iso- 
lated . 

Fragment 3 (epitope 2, PCR) (233 bp) 
NgoMIV 

t a a 1 1 1 GCCGGCGT AGT AGCAAAAGAAAT AGT AG 

GTAGTAGCAAAAGAAATAGTAGCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAGCCATG 
A GVVAKEI VAS C DKCQLKGEAM 



CATGGACAAGTAGACTGTAGTCCAGGAATATGGCAACTAGATTGTACACATTTAGAAGGA 
KGQVDCS PGIWQLDCTHLEG 



AAAGTTATCCTGGTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTTATTCCA 
KVILVAVHVASGYIEAEVIP 



GCAGAAACAGGGCAGGAAACAGCATAT 

AETGQETAYGAC 
CGTCTTTGTCCCGTCCTTTGTCGTATA 

TGTCCCGTCCTTTGTCGTATACCTCGTACGatat 

SphI 



Partial step 4 

Two oligonucleotides 

5' -CATGCATCAAACACCGCTACAAGCGACGCGATCGTCGGAAGCATAAAGTGGCCTGC- 3' 
and 

5 ' -CTAGGCAGGCCACTTTATGCTTCCGACGATCGCGTCGCTTGTAGCGGTGTTTGATG- 3 ' 

are denaturated for a short time at 100 °C, 
hybridized with each other at a linearly dropping 



temperature gradient, and the double-strand product 
is then isolated. 

Fragment 4 (bridge composition 3, synthetic) 



SphI 

CATGCATCAAACACCGCTACAAGCGACGCGATCGTCGGAAGCATAAAGTGGCCTGC 
AC I KHRYKRRDRRKHKVACI G 
GTAGTTTGTGGCGATGTTCGCTGCGCTAGCAGCCTTCGTATTTCACCGGACGGATC 

Avrll 



Partial step 5 

The fragment 5 is obtained by PCR technology. As 
primers for the. amplification are used the oligonu- 
cleotides 

5' - ATTATCCTAGGTCAAATGGCAGTATTCATCCAC-3' 

and 

5 ' -TATAGGATCCTAATCCTCATCCTGTCTACTTGC-3 ' 

as a template the HIV-pol gene is used. The PCR 
reaction is performed to a conventional protocol. 
The desired PCR product (360 bp) is subjected to a 
restriction with Avrll and BamHI and is then iso- 
lated . 

Fragment 5 (epitope 3, PCR) 
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Avrll 

attatCCTAGGTCAAATGGCAGTATTCATCCAC 

CAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCA 
CIGQMAVFI HNFKRKGGIGGYSA 

GGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAA 
GERIVDI IATDIQTKELQKQ 

ATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAAATCCACTTTGGAAA 
ITKIQNFRVYYRDSRNPLWK 

GGACCAGCAAAGCTCCTCTGGAAAGGTGAAGGGGCAGTAGTAATACAAGATAATAGTGAC 
GPAKLLWKGEGAVVIQDNSD 

ATAAAAGTAGTGCCAAGAAGAAAAGCAAAGATCATTAGGGATTATGGAAAACAGATGGCA 
IKVVPRRKAKI IRDYGKQMA 

GGTGATGATTGTGTGGCAAGTAGACAGGATGAGGATTAG 

GDDCVAS RQDED* 
CCACTACTAACACACCGTTCATCTGTCCTACTCCTAATC 
y CGTTCATCTGTCCTACTCCTAATCCTAGGatat 
i(1 BamHI 

i* Partial step 6 

G A suitable expression vector is cut with Ndel and 

H BamHI, and the vector fragment is isolated. 



Partial step 7 

The purified vector fragment and the respectively 
isolated partial fragments are linked to each other 
by means of ligation reactions. 



Partial step 8 

Suitable E . coli cells are transformed and selected 
with the ligation products. 



Partial step 9 



From obtained colonies is isolated the plasmide DNA 
and tested for the presence, arrangement and orien- 
tation of the partial sequences with the enzymes 
Ndel, Apal, NgoMIV, SphI, Avrll and BamHI in dif- 
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ferent combinations. Plasraide DNA with a positive 
result is sequenced for confirmation. 

P31 native 

P31A100/40, 140/23, 163/14 Q31/2,100/3 

Frg.l Frg.2 Frg . 3 Frg.4 Frg.5 
Ndel Apal NgoMIV SphI Avrll BamHI 
Total nucleotide sequence: 

C AT AT GT T T T T AGATGGAATAGATAAGGCCCAAGATGAAC ATGAGAAATATC ACAGTA 

ATTGGAGAGCAATGGCTAGTGATTTTAACCTGCCACCTGGGCCCAAAAAGGCCCGTCG 

CATCAAGGGCAAAATGCGACGGGTGAAGAA AGCCGGC GTAGTAGCAAAAGAAATAGTA 

GCCAGCTGTGATAAATGTCAGCTAAAAGGAGAAGCCATGCATGGACAAGTAGACTGTA 

GTCCAGGAATATGGCAACTAGATTGTACACATTTAGAAGGAAAAGTTATCCTGGTAGC 

AGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTTATTCCAGCAGAAACAGGGCAG 

GAAACAGCATATGG AGCATGCA TCAAACACCGCTACAAGCGACGCGATCGTCGGAAGC 

AT AAAGTGGCC T GCCTAGGT C AAAT GGC AGT AT T CAT CCAC AAT T T T AAAAGAAAAGG 
GGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATA 

C AAACT AAAGAAT T ACAAAAACAAAT T ACAAAAAT T CAAAAT TTTCGGGTT TAT T AC A 
GGGACAGCAGAAATCCACTTTGGAAAGGACCAGCAAAGCTCCTCTGGAAAGGTGAAGG 
GGCAGTAGTAATACAAGATAATAGTGACATAAAAGTAGTGCCAAGAAGAAAAGCAAAG 
ATCATTAGGGATTATGGAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACAGG 

ATGAGGAT TAGGAT CC 



Total amino acid sequence: 
MF1DG I D>A.OD£H£KYKSN^AMASD~NI?? G?:^ 

SCDKCQlKGEAMHGQ\T)CSrG:^QlDCTHLEGK%'ILVA\^7ASGYIEAEVIJAETGQ£ 
T AY G AC I KH? YK?;RD? ?.:<H KVAC I G QMAv F IHN FKRKGG I GGYS AGS ? IVDI I.-.TDIQ 
TXELQXQITKIQNFRVTY?.DSS.N?L^KG?AKL^ 
I F. DYGKQMAGDDC v AS RQDZD* 
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The entire disclosure [s] of all applications, patents and publications, cited herein and of 
corresponding German application No. 101 06 295, filed February 2, 2001 is incorporated by 
reference herein. 

The preceding examples can be repeated with similar success by substituting the 
generically or specifically described reactants and/or operating conditions of this invention for 
those used in the preceding examples. 

From the foregoing description, one skilled in the art can easily ascertain the essential 
characteristics of this invention and, without departing from the spirit and scope thereof, can make 
various changes and modifications of the invention to adapt it to various usages and conditions. 
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The expression of a protein according to the inven- 
tion is performed as follows. After the coding nu- 
cleic acid for the expressing protein having been 
produced and built-in over restriction interfaces 
into a commercially available vector, a transforma- 
tion of the plasmide into a commercially available 
E. coli cell takes place. After inoculation of a 
medium (e.g. LB medium) with the transformation ad- 
dition, the breeding of the cell culture by incuba- 
tion is performed at an optimum temperature (e.g. 
37 0 C ) . The protein expression is induced by addi- 
tion of isopropyl p-D thiogalact opyranos ide (IPTG) 
and achieved by continuation of the incubation. Af- 
ter harvesting the E. coli cells by ce n t r i f uga t i on , 
a cell lysis with a lysis buffer (for instance a 
guanidine hydrochloride containing buffer). 

Purification of the protein can be achieved by con- 
ventional chromatography methods (for instance ion 
exchange chromatography and gel chromatography) , 
the isoelectrical point of the proteins increased 
by the insertion of positively charged sequences 
being used in an advantageous manner to substan- 
tially enrich the proteins by cation exchange chro- 
matography. Usually the chromatographic separations 
are performed by means of chromatography columns 
brought into the material. If the proteins have 
been provided with a "tag" (e.g. a N or C-terminal 
His6 peptide, a "flag tag" or a myc epitope) , they 
can be purified by utilization of an affinity chro- 
matography, the respective protein being bound by 
the "tag" to the corresponding affinity chromatog- 
raphy material (e.g. for the His6 tag to Ni-NTA ma- 
terial) . After the material having been washed sev- 
eral times with corresponding washing buffers, the 
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desired protein is separated from the material by 
means of at least one elution buffer (for instance 
by a buffer with substantially higher or lower pH 
value). Finally, the eluates are subjected to sev- 
eral dialysis steps, in order to permit further use 
of the protein . 



E x amp 1 e 6 . 

In this example, the production of an immobilizate 
according to the invention is described. The puri- 
fied protein is diluted in a suitable manner with 
an aqueous solution of 100 mM NaCl and 0.4 - 0.8 % 
SDS. From this solution, 0.5 |^1 is applied by means 
of a BioDot device (Cambridge, UK) on a nitrocellu- 
lose membrane, so that on a spot of 3 - 4 mm diame- 
ter there are 250 ng protein. After application of 
the protein, the membrane is dried for at least one 
hour, before the detection reaction is performed. 

An immobilizate is obtained, wherein the arrange- 
ment and the folding of the protein is achieved in 
a way that is d i ag r amma t i c a 1 1 y shown in Fig. 3a. 
The epitopes are separated by a positively charged 
peptide sequence, permitting an adhesion to^ the 
membrane and a correct folding of the epitopes (un- 
derlined sequence sections) . 

It may be noted, with regard to the folding shown 
in Fig. 3a, that possibly not all protein molecules 
applied on the solid phase can be folded in the 
sketched way. Part of the molecules may, caused by 
the lysis of the cells and the subsequent purifica- 
tion procedure, be present in a disordered (denatu- 
rated) folding condition. For the purpose of the 
present invention it is however sufficient, if for 
a protein structured according to the invention the 
probability of a folding suitable for the binding 
of antibodies, induced by the optimum adhesion on 
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the solid phase permitted by the integration of the 
bridge compositions, is clearly increased in com- 
parison to a protein containing no bridge composi- 
tions. By this increased probability of the "cor- 
rect" folding , the possibility of the binding of 
antibodies is in total substantially improved, and 
thus the increase in sensitivity of the whole de- 
tection method is secured. 



Example 7 . 

To an immobilizate from example 6 have been fed se- 
rums of various HIV positive patients, and the re- 
action was examined by means of a detector solu- 
tion. In all cases a color reaction specific for 
the binding a n t ibo dy / a n t i ge n was observed. Incor- 
rect negative results were not obtained. Tests with 
serums of HIV negative patients showed that not a 
single incorrect positive result was obtained. 



Examp le 8 . 

In this comparison example, an immobilizate has 
been produced with a protein env 4 (ID E) according 
to the procedure of example 6. The difference is 
however, as can be seen from a comparison of fig- 
ures 3a and 3c, that between the epitopes arranged 
at the left side there is no positively charged 
bridge composition. It can further be seen that 
thereby the two epitopes on the left side are 
closely arranged to each other and are folded - un- 
der formation of disulfide bridges destroying the 
antigenicity - such that binding of an antibody 
cannot be achieved. 

With the same protein amount as in example 7, again 
tests with serums of various HIV positive patients 
have been made. Without exception, no reaction was 
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shown, that is regularly incorrect negative results 
were obtained . 



Example 9 . 

In this example a protein (ID D) according to the 
invention or an immobilizate with repetitive se- 
quence elements of different sub-types (identical 
ones are also possible) is d i a g r amma t i ca 1 1 y repre- 
sented with reference to Fig. 3b. This protein ac- 
cording to the invention is formed of V3 loops only 
of different HIV sub-types being separated by a 
positively charged sequence element of gpl20. 



Example 1 0 . 

A rapid test according to the invention is config- 
ured as follows. An immobilizate according to exam- 
ple 6 is positioned and fixed in a plastic housing 
underneath an access opening such that at least 
part of the immobilizate is open for access. The 
immobilizate is placed on an absorbing material, 
for instance cotton wool. A separately packed de- 
tector solution belongs to the rapid test. 

The detection of antibodies bound to the antigen 
may be performed by means of a detection solution 
containing a conjugate of protein A with colloidal 
gold. The application of such conjugates in immu- 
nological test methods is generally known in the 
art and has been described in the literature. This 
conjugate may for instance be produced, as de- 
scribed in US 5,541,059, by mixing 100 ml of a col- 
loidal gold solution (commercially available) with 
100 ml of 0.006 mg/ml protein A solution (protein A 
is commercially available in a lyophilized form and 
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as a solution) . Alternatively a protein A-gold con- 
jugate may commercially be acquired. 

The binding of the conjugate to the bound antibod- 
ies can visually be detected. In this example, a 
red stain will appear if bound antibodies are pre- 
sent. 

Alternatively to the conjugates with colloidal gold 
a dye suspension can be used, with protein A being 
adsorbed to a water-insoluble dye. 

A rapid test is performed as follows. A human 
guinea pig is lightly injured by a prick. The re- 
sulting drop of blood is received in a small capil- 
lary. The capillary with the blood is then given 
into a container together with a suitable solvent, 
for instance physiological sodium chloride solu- 
tion, and is agitated until blood and solvent are 
fully mixed. The contents of the container is then 
fed through the access opening on the immob i 1 i z a t e . 
Then, the detector solution is added, and it is 
visually monitored whether a coloration of the im- 
mobilizate visible through the access opening takes 
place. Coloration means that HIV antibodies exist 
in the blood of the human guinea pig. If there is 
no coloration, the result is negative. 



